Background and aim
Introduction
Inflammatory Bowel Disease (IBD) is a chronic, relapsing and idiopathic inflammatory disorder of gastrointestinal tract. Complex interactions between host immune system, intestinal flora and host genotype are thought to be responsible for the development of IBD [1] . Ulcerative colitis and Crohn's disease are the two main pathological types of inflammatory bowel disease [2] . UC is characterized by inflammation of the mucosa and occasionally the sub-mucosa and colon part of gastrointestinal tract [3] .
MiRNAs are an abundant class of non-coding RNA molecules that are emerging as key players in regulating gene expression [4] . MiRNAs regulate the expression of 10-30% of all human genes and have been shown to play critical roles in the coordination of cell differentiation, proliferation, death, metabolism and tumorigenesis [5] . MiRNA dysregulation has been reported in many diseases including inflammatory diseases and various cancers [6] .
Materials and methods

Study population
The study population included 197 ulcerative colitis patients and 441 control participants. The study was approved by ethical committee of All India Institute of Medical Sciences, New Delhi, India (Ref.
No.-IEC/NP-320/2012) and Institutional Ethics Review Board, Jawaharlal Nehru University, New Delhi (REF no. 2012/student/28). The diagnosis of UC were established according to clinical guidelines based on Montreal classification [20] . The total index score was used to calculate the specific index and severity of disease [21] . Age and sex matched control subjects with no history of IBD or any other inflammatory disease were included in the study. Demographic features of UC patients and controls are described in Table 1 . 2 ml of venous blood sample was collected from each subject in vacutainer tubes (BD, NJ, USA) containing the anticoagulant K 2 EDTA solution. Pinch colon biopsy samples were obtained from the UC patients (n = 34) and non-IBD controls (n = 25) undergoing colonoscopy in 1.5 ml tubes containing RNA later solution (Sigma-Aldrich, MO, USA). Colon biopsy samples were collected from sigmoid and left colon of the patients. Biopsy samples from active UC patients with total index score >07 were used in the present study. Written consent was taken from all the subjects who participated in this study.
DNA isolation and genotyping
Genomic DNA was isolated from peripheral blood leucocytes using phenol chloroform method described by Miller et al. [22] . Genotyping was performed by polymerase chain reaction-restriction fragment length polymorphism (PCR-RFLP) method. The primers used were as described by Hu et al. (2008) , validated by sequencing (data not shown). PCR was performed in a Touch gene PCR machine (Nugen Scientific, USA). Thin walled 0.2ml tubes were 
RNA isolation and quantitative Real Time PCR (qRT-PCR)
Total RNA was isolated from the biopsy samples using mirVana miRNA isolation kit (Ambion INC, TX 78744, USA) and stored at -80˚C. RNA was quantified by NanoDrop ND-1000 spectrophotometer (Thermo scientific, USA). RNA quality was assessed by running 1.5% agarose gel. RNA was reverse transcribed using gene specific looped primers [23] by revert aid cDNA synthesis kit (Thermo Fisher Scientific, Waltham, Massachusetts, USA). Real time PCR was performed using ABI PRISM 7500 Real time PCR system (Applied Biosystems). The parameters followed were: Initial denaturation-94˚c for 2 min, denaturation-94˚c for 30 sec, annealing-60˚c for 1 min for 40 cycles. 20 μl reaction containing 7 μl MQ, 10 μl SYBR R Green universal PCR Master Mix (Applied Biosystems, California, USA), 1 μl of each forward and reverse primer (4 picomole/ μl), 1 μl cDNA. Sequences of primers used are given in Table 2 . Relative expression of miRNA was calculated using Ct values. U6 snRNA was used as an internal control for miRNA expression analysis. GAPDH was used as internal control for expression analysis of other genes. The relative expression was calculated using the equation 2 -ΔΔCT where ΔΔCT = Δ CT target−ΔCT internal control. All statistical tests were two-sided, and a probability level of p 0.05 was considered statistically significant.
Statistical analysis
Results
Characteristics of study subjects
Study subjects were unrelated north Indian population and were recruited to the Department of Gastroenterology, All India Institute of Medical Sciences, New Delhi India. Demographic details showed that 65.99% of the cases developed UC at early age, (younger age group< 40 years). Diseases showed a negative association with smoking status of patients as 90.86% of the UC patients was non smokers. Only 2.03% patients had appendectomy. The percentage of patients having severe form of disease was higher (pancolitis, 39.59%) compared to less sever disease (proctitis, proctosigmoditis, left sided colitis). Association of miR196a-2 and miR-499 polymorphisms with ulcerative colitis
The frequency distribution of miR196-a2 rs11614913 and miR-499 rs3746444 genotype and risk of UC are given in Table 3 . TT genotype of miR-196a-2 rs11614913(C>T) showed a negative association with UC compared to CC genotype, p = 0.031, OR = 0.497 (CI = 0.264-0.935). MiR-499 rs3746444 heterozygous TC genotype was found to be significantly associated with increased risk of UC, p = 0.000, OR = 3.651 (CI = 2.362-5.645). The allele frequencies were in Hardy-Weinberg equilibrium both in patients and control groups.
Genotype phenotype correlation analysis for combination of SNPs
In order to draw genotype-phenotype correlations, genotype and allele frequencies of observed SNPs were stratified by phenotypic sub groups of UC patients (Table 4) . MiR196a-2 rs11614913 CT/ MiR-499 rs3746444 TC. Patients having combination of SNPs hsa-miR-196a-2 rs11614913 CT/ hsa-miR-499 rs3746444 TC were subjected to genotype phenotype correlation. No association of genotype was observed with sex, age at diagnosis, smoking history, social status of the patients. MAF was high in left sided colitis (10.87%) compared to proctosigmoditis (4.08%), pancolitis (2.67%) and proctitis (0%). Mutant genotype 
MiR-196a-2 and miR-499 expression changes between control and patients
There was no significant change in expression of miR-196a-2 when compared between patient and control group. However expression of miR-499 exhibited a 4 fold decrease (p = 0.003) in UC patients compared to controls indicating the influence of the disease (Fig 2) .
MiR-196a-2 and miR-499 expression changes with allelic variants
Interestingly, when both the patients and controls were segregated at the genotype level, altered expression pattern was observed for both the miRNAs. In individuals with CC genotype (wild type), expression of miR-196a-2 was 3.7 fold higher in patient, compared to controls. However in case of CT genotype, there was no significant change in expression of miR196a-2 between patients and controls. We had no biopsy samples in control category with TT genotype. Within patients there was a significant decrease in expression of miR-196a-2 in heterozygous CT and mutated homozygous TT genotype compared to homozygous (wild type) CC (Fig 3) . The expression of miR-499 decreased significantly by 5.5 fold in patients compared to controls having TT (wild type) genotype. Similarly, in heterozygous condition (TC genotype), the expression decreased by 24.39 fold in patients compared to controls. In Homozygous mutant (CC) condition, there was no significant change in expression of the above miRNA in control vs. UC (Fig 4) . MiR-499 expression significantly decreased (5 fold) in patients with TC genotype compared to patients with TT genotype. MiRNA expression did not alter significantly when TT and TC genotypes were compared within patients (Fig 4) .
We also looked at the miR-196a-2 and miR-499 expression level at genotype level irrespective of physiology (disease or control) of participant. There was no significant difference in miRNA expression.
Effect of SNP on the expression of other surrounding genes. We also looked at the expression level of surrounding genes where these SNPs are located (http://www.gtexportal. org/home/). Expression of HOXC8 and HOXC-AS1 (for rs11614913) and MYH7B (for rs3746444) were analyzed considering the SNPs present. We did not find any significant alteration in the expression of these genes based on genotype (S1a, S1b and S1c Fig) .
Discussion
Recently there has been increasing interests in dissecting out the polymorphism in miRNA genes to understand their crucial role in various disease pathogenesis. In this study we carried out the association study of rs11614913 in miR-196a-2 and rs3746444 in miR-499 with respect to UC patients in north Indian population. We also looked at the effect of these SNP on the expression of corresponding miRNAs. We observed that TT genotype of rs11614913 was negatively and TC genotype of rs3746444 was positively associated with UC in north Indian population. Expression of miR-196a-2 and miR-499 changed significantly due to the allelic variants. MiR-196a-2 rs11614913 and miR-499 rs3746444 has been discussed in relation to various cancers and inflammatory diseases. Meta-analysis study carried out on 8361 cancer patients and 8504 controls showed association of rs11614913 and rs3746444 with breast cancer, OR = 0.89, 1.13 respectively [24] . A meta analysis conducted by Wang et al on five case control studies, reported negative association of miR-196a-2 rs11614913 and no association of miR- Relative expression of miRNA in UC patients (n = 28) and control subjects (n = 19). Total RNA was isolated from colon biopsy samples from healthy subjects and UC patients and reverse transcribed to cDNA using specific primers. Data derived from quantitative real-time PCR. Normalization of samples was performed with the small nuclear U6 snRNA. Box plots present median ± 25th and 75th percentiles (solid box) with the lowest and highest percentiles shown by whiskers outside the box. The Ct values were subtracted from 20, so that higher values represented higher mRNA expression levels. * represent p 0.05.
https://doi.org/10.1371/journal.pone.0173447.g002 499 rs3746444 with lung cancer [25] . In various Asian and Caucasian populations, C allele of miR-196a-2 rs11614913 was found to be associated with increased susceptibility to CRC, HCC and colorectal cancer [26] [27] . TT genotype of miR-196a-2 rs11614913 and CC genotype of miR-499 rs3746444 are reported to be associated with decreased risk of Chronic Obstructive Pulmonary Disease (COPD) [28] . TC genotype of miR-499 rs3746444 has been reported to be associated with higher C-reactive protein (CRP) and erythrocyte sedimentation rate (ESR) compared to CC and TT genotype in rheumatoid arthritis patients [15] .
A study carried out in Indian population, described CT genotype of miR-196a-2 rs11614913 as a risk factor for bladder cancer [29] . miR-196a-2 rs11614913 TT genotype is reported to play a protective role in UC in Greek population [18] . Masaaki Okubo et al. have reported that heterozygous miR-499 rs3746444 as a risk factor for UC. They also reported miR-196a-2 rs11614913 may influence the pathophysiological features of UC and is associated with refractory phenotype of UC in Japanese population [17] . In our study, we found heterozygous TC for miR-499 rs3746444 showed a positive association with UC (OR = 3.651, CI = 2.362-5.645, p = 0.000), similar to Greek population. TT genotype miR-196a-2 rs11614913 showed decreased risk of UC compared to CC (OR = 0.497, CI = 0.264-0.935, p = 0.031) ( Table 3 ). Our study supports the earlier reports by Gazouli et al (2013) for miR196a-2 rs11614913 and Masaaki Okubo et al (2010) for miR-499 rs3746444.
UC is a disease in which different pathogenic mechanisms lead to different clinical subtypes. There are reports that show that different UC subgroups may have different genetic background. There is no data for combined association of these SNPs with UC phenotypes. But rs3746444 AG and rs1161913 TT genotypes were reported to be associated with more severe and rs3746444 AA genotype was reported to be associated with mild UC phenotype. We investigated association of combination of SNPs in two miRNAs with different phenotype Comparison of hsa-miR-499 expression at genotype level between controls and patients. Total RNA was isolated from colon biopsy samples from healthy subjects and UC patients that were reverse transcribed to cDNA using specific primers. Data were derived from quantitative real-time PCR. Normalization of samples was performed with the small nuclear U6 snRNA. Sample size was 4-12 in each category. Box plots present median ± 25th and 75th percentiles (solid box) with the lowest and highest percentiles shown by whiskers outside the box. The Ct values were subtracted from 20, so that higher values represent higher mRNA expression levels. * represent p 0.05, *** represent p 0.001.
https://doi.org/10.1371/journal.pone.0173447.g004
Association of MiRNA variants with UC and their relative expression of UC. Combination of these SNPs also showed association with severe disease phenotype, left sided colitis OR = 4.39 (1.13-17.01).
MiRNA expression is reported to be tissue specific [30] . It is also observed to be site specific within same tissue due to disease activity [6] . SNPs were implicated in altered expression or biological functions of mature miRNAs [31] . Here we have elucidated how genotype of an individual may be affecting miRNA expression in control and patients differently due to disease activity. The CC homozygous SNP rs11614913 located in miR-196a-2 was associated with a statistically significant increase in the expression of miR-196a-2 in non small cell lung cancer as well as colorectal cancer, [7] [8] . Mark Bloomston et al earlier reported increased expression of miR-196a-2 in pancreatic cancer and showed it to be useful marker for prediction in survival of pancreatic cancer patients [32] . In Saudi Arabian population, Alshatwi et al noticed increased expression of miR-196a-2 and miR-499 in breast cancer patients compared to control. They reported decrease in expression from homozygous CC to heterozygous CT and TT for miR-196a-2 and decreased expression from homozygous TT to heterozygous TC and CC for miR-499 [19] . We did not find any significant difference in miR-196a-2 expression between UC and control group when the samples were not categorized on the basis of genotypes. But we found decreased expression of miR-499 in UC compared to controls. Our results indicated that expression pattern of miR-196a-2 and miR-499 was significantly affected by different genotypes. We observed that when UC patients were segregated on the basis of genotype, expression of miR-196a-2 was significantly decreased for heterozygous CT and homozygous TT compared to homozygous CC as reported by Alshatwi et al [19] . No such pattern was observed in the expression of miR-499 in UC patients.
There is no report that shows miRNA expression difference between control and diseased individuals at genotype level. We segregated our samples according to genotype and looked for expression differences. In CC genotype (wild) expression of miR-196a-2 was significantly higher in UC patients compared to controls with the same genotype. Expression level decreased in patients with heterozygous genotype (CT) and further decreased in patients with homozygous mutant TT genotype. We observed that expression level of the miR-196a-2 in mutant TT genotype was comparable to the controls having CC (wild) genotype. In our association analysis (Table 2) we observed TT genotype of miR-196a-2 rs11614913 to be protective OR = 0.497 (CI = 0.264-0.935). We found the genotype that was showing negative association with UC also showed decrease in expression level comparable to non-IBD controls (Fig 3) .
In case of miR-499 rs3746444 SNP, results of association and expression analyses showed a correlation in their pattern. In our association analysis, we found heterozygous TC genotype showed positive correlation OR = 3.651 (2.362-5.645) whereas homozygous mutant showed a negative correlation with UC OR = 0.483 (0.311-0.749) ( Table 3 ). In expression analysis the pattern was reflected as we observed~24.39 fold increase in expression in heterozygous TC genotype between control and patients but was only~5.5 fold in wild type genotype. Interestingly, expression difference was decreased and there was no significant difference in expression between control and UC patients with mutant CC genotype. Heterozygous TC genotype of miR-499 rs3746444 SNP increased the disease risk in our association analysis OR = 3.651 (2.362-5.645) and also increased the miR-499 expression difference between control and UC patients. However, in homozygous mutant CC of miR-499 rs3746444 SNP exhibited a decreased risk in our association analysis OR = 0.483 (0.311-0.749) and also decrease in expression comparable to non-IBD individuals with same genotype.
Altered behavior of heterozygous and homozygous mutants both in association studies and expression analysis of respective mutants observed by us for the first time in UC patients corroborated the findings of Yang et al, 2012 where they observed differently changed levels of inflammatory markers for heterozygous and homozygous miR-499 rs3746444 SNP in rheumatoid arthritis patients [15] . SNP for miR-499 is present in the seed region of miRNA. Because each mature miRNA variant may target different set of genes so expression of different genes will be affected by mature miRNA of CC and TT homozygotes. For heterozygous CT miR-499 will be having both the SNPs miR-499 Ã C and miR-499 Ã T. So in miR-499 CT will be affecting more target genes in the transcriptome than miR-499 CC and miR-499 TT. Regulation of different target genes by heterozygotes compared with homozygotes may explain the predisposition to the disease as proposed earlier by Jazdzewski K, 2009 in case of polymorphic nature of pre-miR-146a in case of thyroid cancer patients [33] . Contrasting behavior of heterozygous rs3746444 AG and homozygous AA genotype was also reported by Okubo et al, 2011. They found that contrasting association of homozygous and heterozygous rs3746444 with number of times hospitalized, steroid dependence and refractory phenotypes [17] . Contrasting behaviors of heterozygous and homozygous mutant miR-499 rs3746444 SNP reported by Okubo et al and observed in our study. This may be attributed to the location of SNP in miRNA in the seed region and its affect on the target binding and expression.
miR-196a-2 is known to be a part of HOX cluster and location of miR-499 is within the Myosin Heavy Chain 7B (MYH7B) gene. So we also looked at the expression of other eQTL for the two SNPs as shown by GTEX portal (http://www.gtexportal.org/home/). We checked the expression of MYH7B in subjects with SNP rs3746444 and Hox cluster genes, HOXC8 and HOXC-AS1 in subjects having SNP rs11614913. We did not find any significant change in expression of these genes with respect to genotype of the miRNA.
Expression of miR-196a-2 and miR-499 did not show any change when only genotype was considered irrespective of pathological condition of the individual. When expression was compared with respect to genotype both in control vs. patients, significant changes were observed. We propose that the pathology of the individual (diseased or healthy state) along with the genotype contribute in differential expression of miRNA. The changed miRNA expression level may further affect the expression of its target genes.
The present study concludes that TT genotype of miR-196a-2 rs11614913 is negatively and TC genotype miR-499 rs3746444 is positively, associated with UC. Both these SNPs cause alteration in respective miRNA expression according to physiology and genotype of the individual.
Conclusion
The present study concludes that miR-196a-2 rs11614913 and miR-499 rs3746444 are associated with UC. Both these SNPs cause alteration in respective miRNA expression. Altered miRNA expression showed correlation with genotype that supported association analysis. The influence of the disease state on the expression of mature miRNA was quite intriguing and needs further elaboration. Future studies are warranted to validate these findings in UC and other diseases. Total RNA was isolated from colon biopsy samples from healthy subjects and UC patients and reverse transcribed to cDNA using random hexamer primers. Data derived from quantitative real-time PCR. Normalization was performed with the GAPDH. Sample size was 4-8 in each category. rs11614913 is present in the HOX cluster. We did not find any significant change in the expression in the expression of HOXC8 (S1a Fig) and HOXC-AS1 (S1b Fig). We had no RNA samples left for mutant genotype so the expression in homozygous wildtype and heterozygous mutant was analysed. SNP rs3746444 is located in the MYH7B gene. We did not find any significant change in expression of MYH7B with respect to genotype (S1c Fig). (TIF)
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